Abstract. The aim of the present study was to evaluate the safety and efficacy of intra-arterial interventional therapy (IAIT) in the treatment of inoperable local advanced breast cancer (LABC). A total of 7 patients with pathologically proven inoperable LABC were included in the present study. Patients received 1-4 cycles of IAIT prior to mastectomy and postoperative adjuvant therapy. The safety and clinical outcomes of IAIT were retrospectively analyzed. Between
Introduction
Breast cancer is one of the most common malignancies in females, particularly in developed countries, including those of Europe and the USA. Each year, ~1 million females will be diagnosed with breast cancer globally (1) . The incidence of breast cancer has steadily increased over previous years, with patients being affected at a much younger age, which poses a serious health threat with a large global impact (2) . In 2014, 232,670 females were diagnosed with breast cancer and 40,000 fatalities resulted from it in the USA (3). Although the incidence of breast cancer is lower in China, it is increasing annually in urban and economically developed areas (4) . With the development of methods for the early detection of breast cancer and novel agents for chemotherapy, endocrinotherapy and targeted therapy, early-stage breast cancer has been well controlled. However, the treatment of advanced-stage breast cancer has been less successful. The National Comprehensive Cancer Network guidelines define locally advanced breast cancer (LABC) as Tumor-Node-Metastasis (TNM) stage IIIA [T0-2, N2, M0; T3, N1-2, M0], stage IIIB (T4, N0-2, M0) or IIIC (T0-4, N3, M0) (5) . Surgical resection is the most effective method for treating operable LABC (clinical stage T3, N1, M0). For inoperable LABC, preoperative neoadjuvant chemotherapy with anthracycline alone or combined with taxane is the standard treatment. If patients are human epidermal growth factor receptor 2 (HER2)-positive, trastuzumab is used simultaneously. If the patients are responsive to chemotherapy, surgical resection, radiotherapy or endocrinotherapy may follow. For patients with disease progression during preoperative chemotherapy, palliative breast irradiation is advised to enhance local control. Subsequent systemic therapy is also standard. However, if patients are not responsive to any of these treatments, intra-arterial interventional therapy (IAIT) may serve as a safe and effective alternative for the management of inoperable LABC. The present study aimed to evaluate the safety and efficacy of intra-arterial interventional therapy (IAIT) in the treatment of LABC.
Patients and methods
Patients. The inclusion criteria of the present study were as follows: Patients with pathologically-proven inoperable LABC who were not suitable for mastectomy following primary treatment. The exclusion criteria were as follows: Patients who had severe coagulation mechanism abnormality or had severe cardiac, renal or liver failure. A total of 7 patients were enrolled in the present study between February 2009 and September 2016 (Table I ). All patients volunteered to participate in the program and provided written informed consent. Overall, 1 patient did not tolerate neoadjuvant chemotherapy, 2 were partially responsive to neoadjuvant chemotherapy but were unsuitable for mastectomy, 2 presented with disease progression, 1 exhibited stable disease, and a 90-year-old patient was in a poor physical condition and was unable to tolerate neoadjuvant chemotherapy. All the patients received IAIT-centered systemic treatment. All IAIT was performed by senior doctors in the Department of Interventional Radiology at the People's Liberation Army Army General Hospital (Beijing, China).
IAIT. All 7 patients were cannulated via the femoral artery ipsilateral to the lesion. Subsequently, a 4F fixed-curve catheter (Cobra catheter; Cook Medical, Inc., Bloomington, IN, USA) was advanced into the internal mammary artery ipsilateral to the lesion and into the subclavian artery. Digital subtraction angiography (DSA) was performed to determine the blood supply to the tumor. IAIT with or without embolization was subsequently administered to the patients every 3 weeks on average. The regimens for IAIT were different. During the early years our breast surgeons posed the idea of IAIT, while the IAIT was performed by doctors in the interventional radiology department in People's Liberation Army Army General Hospital. So what regimen should be used was almost decided by them. And the regimen was the most often used for solid tumors in their practice, which proved effective. In recent years, with the deep understanding and treatment of breast cancer, especially with the worldwide accept of NCCN guidelines, anthracycline combined with or without taxane become the standard treatment. So now the doctors in the interventional radiology department accept our advice to use anthracycline and taxane based regimens for IAIT.
Due to space limitations, only four representative cases were listed below.
Case 1.
An 83-year-old woman visited the Department of Breast Surgery, People's Liberation Army Army General Hospital in February 2009 due to a tumor with a walnut-like appearance on the left breast that had become apparent 6 years previously. The tumor was not painful and therefore the patient had not consulted a doctor or undergone any prior treatment. After 4.5 years, the tumor had grown larger and became ulcerated with bleeding. The patient attended a local hospital in order to attenuate the bleeding, but no other treatments were provided. By the time the patient attended the People's Liberation Army Army General Hospital, the tumor was 15x15 cm in diameter with a cauliflower-like appearance (Fig. 1) . Skin ulceration, necrosis, bleeding and effusion were observed, along with an unpleasant odor. The tumor was fixed to the chest wall and was not movable. The patient presented with severe anemia and heart failure, with a hemoglobin level of 32 g/l (normal range: 110-150 g/l) and a hematocrit of 0.11 (normal range: 0.37-0.47). Anemia and heart failure were corrected through blood transfusion, wound dressing was conducted daily in order to improve the local condition and antibiotics were administered in order to control the lung infection. Biopsy revealed a neuroendocrine carcinoma and immunohistochemistry revealed the following: weakly positive estrogen receptor (ER) and progesterone receptor (PR) expression, and HER2-negative. The patient was administered IAIT (30 mg pirarubicin, 30 mg hydroxycamptothecin and 250 mg fluorouracil) via the left internal thoracic artery and the subscapular artery. Simultaneous intra-arterial embolization with selective absorbable gelatin sponge particles was conducted. Following the first cycle of IAIT, the tumor decreased to a diameter of 8x7 cm in diameter. During the second and third cycles of IAIT, 20 mg pirarubicin, 15 mg hydroxycamptothecin and 500 mg fluorouracil were administered. Following 3 cycles of IAIT, the tumor measured 5x4 cm in diameter (Fig. 2) . In May 2009, the patient underwent a modified radical mastectomy. Pathology identified neuroendocrine carcinoma and carcinoma emboli in the vessels. One axillary lymph node exhibited invasion by the carcinoma (1/18). Immunohistochemistry revealed that the tumor was ER-positive (90%), PR-positive (90%), HER2-negative and Ki-67-positive (5%). The patient recovered from the surgery without complications (Fig. 3 ) and accepted endocrinotherapy (exemestane 25 mg once daily) for 6 months afterwards, but refused any subsequent treatment. The patient is now 90 years old and remains healthy.
Case 2.
A 90-year-old woman attended the Department of Breast Surgery, People's Liberation Army Army General Hospital in January 2013. In April 2012, the patient found a 3-cm tumor of the left breast. The tumor was hard and painful when palpated. The patient was diagnosed with breast cancer at another hospital clinically without a biopsy being performed, and due to an advanced age, did not receive any treatment. The tumor grew to ~6 cm in diameter and the surrounding skin became red, and the patient subsequently attended the same hospital again in December 2012. A tumor biopsy revealed invasive ductal carcinoma and immunohistochemistry revealed that the tumor was ER-negative, PR-negative, HER2-negative and Ki-67-positive (70%). Administration of paclitaxel liposome neoadjuvant chemotherapy (90 mg on days 1, 8 and 15) was planned, however, due to serious side effects, including nausea, vomiting and fever, the patient did not complete the first cycle. When the patient attended the People's Liberation Army General Hospital, the tumor was 6 cm in diameter with a 16x15 cm are of surrounding red skin (Fig. 4) . The tumor was hard and stiff without a distinct boundary, and it was fixed to the chest wall and immovable. The patient was administered IAIT (30 mg pirarubicin and 120 mg paclitaxel) twice via the left internal thoracic artery and the subscapular artery. Subsequently, 2 cycles of IAIT with 40 mg epirubicin and 150 mg paclitaxel, and intra-arterial embolization with selective absorbable gelatin sponge particles, was performed. Following 4 cycles of IAIT, the tumor diameter decreased to ~4 cm and the skin returned to an almost normal color. The tumor became soft and movable with a clear boundary. The patient tolerated IAIT well and no serious side effects were observed. In May 2013, a modified radical mastectomy was performed. Pathology revealed aninvasive ductal carcinoma that was ER-negative, PR-negative, HER2-negative and Ki-67-positive (30-60%). Carcinoma emboli were observed in the vessels. The axillary lymph nodes (10/10) and the subclavian lymph nodes (7/7) exhibited invasion by the carcinoma. The patient recovered normally without complications (Fig. 5 ), but succumbed to another disease in September 2013. LN, lymph node; NCT, neoadjuvant chemotherapy; IAIT, intra-arterial interventional therapy; PFS, progression-free survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor; T, tumor; N, node; M, metastasis.
Case 3.
A 46-year-old woman visited the Department of Breast Surgery, People's Liberation Army Army General Hospital in March 2014. In 2012, the patient suffered an injury to the right breast and subsequently noticed that there was a 4-cm lump above the nipple. In February 2013, the patient attempted to reduce the size of the lump by covering it with Chinese herbs, but itcontinued to grow. The patient subsequently attempted treatment with traditional Chinese medicines, but the lump continued to grow rapidly to a diameter of 20x20 cm and the skin became darker (Fig. 6) . Upon examination, a 5-cm axillary lymph node was observed and biopsy revealed an invasive carcinoma that was ER-positive (90%), PR-positive (3-5%), Ki-67-positive (40%) and HER2-negative. The patient received 5 cycles of a doxorubicin, epirubicin and cyclophosphamide neoadjuvant chemotherapy regimen and the tumor became softer, with a decreased diameter of 10x10 cm, without any palpable axillary lymph nodes. The previously darkened skin became lighter, began to peel and eventually returned to an almost normal color (Fig. 7) . IAIT with 40 mg pirarubicin, 30 mg hydroxycamptothecin and 1,000 mg fluorouracil was administered via the left internal thoracic artery. IAIT and embolization were conducted simultaneously during the second treatment cycle and the tumor continued to become softer and smaller (Fig. 8) . In August 2014, the patient underwent a modified radical mastectomy and partial pectoralis-major removal. Residual invasive carcinoma was observed in the pathological sample and 8/8 axillary lymph nodes exhibited invasion. Immunohistochemistry revealed that the tumor was ER-positive (90%), PR-positive (5-10%), Ki-67-positive (10%) and HER2-negative. The patient recovered normally without any complications. Subsequently, 6 cycles of gemcitabine (1,500 mg on days 1,8) and capecitabine (2,000 mg twice daily on days 1-14) in combination with goserelin (3.6 mg once per month) were administered, and radiotherapy (50 Gy/5 weeks) followed and then endocrinotherapy (exemestane 25 mg once daily) are ongoing (Fig. 9) . treatment. In 2013, the tumor grew larger, red, swollen, painful and ulcerated. Biopsy revealed a diagnosis of invasive ductal carcinoma and immunohistochemistry revealed that the tumor was ER-negative, ERβ-positive (70%), Her-2-negative and Ki-67-positive (85%). Since December 2013, the patient underwent 1 cycle of capecitabine (1,500 mg twice daily on days 1-14) followed by 2 cycles of capecitabine (1,500 mg twice daily on days 1-14) and docetaxel (120 mg on day 1), but the tumor grew larger. Following one cycle of adriamycin liposome (60 mg on day 1), two cycles of adriamycin liposome (40 mg on day 1) and cyclophosphamide (1,000 mg on day 1), one and a half of gemcitabine (1,500 mg on days 1,8) and carboplatin (600 mg on day 1) chemotherapy the tumor continued to grow. When the patient visited the Department of Breast Surgery, People's Liberation Army Army General Hospital, the tumor was 13x9.5 cm in diameter (Fig. 10 ). Biopsy revealed a diagnosis of invasive ductal carcinoma and immunohistochemistry demonstrated that the tumor was ER-negative, PR-negative, Ki-67-positive (85%) and HER2-negative. On September 23, 2014, DSA demonstrated that the blood supply to the tumor was from the left internal thoracic artery and a branch of the left axillary artery. Subsequently, 40 mg lobaplatin, 30 mg hydroxycamptothecin and 40 mg epirubicin was administered via the left internal thoracic artery and a branch of the left axillary artery. The ratio of medication administered via the two vessels was 4:1. Intra-arterial embolization with 1.5-mm selective absorbable gelatin sponge particles was conducted via the left internal thoracic artery. Following the first cycle of IAIT, the tumor became slightly softer and smaller (Fig. 11) .
For the second cycle of IAIT, the treatment was composed of 150 mg etoposide and 40 mg navelbine. A total of 80% of the medication was administered via the left internal thoracic artery, while the remaining 20% was administered via a branch of the left axillary artery. Intra-arterial embolization was also performed and the tumor continued to become softer and smaller. For the third cycle of IAIT, 135 mg etoposide, 30 mg navelbine and 30 mg epirubicin was administered via the left internal thoracic artery and the left external thoracic artery. Following the third cycle of IAIT, the lower half of the tumor became necrotic and fell off (Fig. 12) . On September 25 2014, the patient underwent a modified radical mastectomy with removal of a portion of the pectoralis-major (Fig. 13) . Pedicled latissimusdorsi was harvested to repair a defect of the chest wall . The patient recovered normally one week later (Fig. 14) . Pathology revealed a grade III invasive ductal carcinoma that was ER-negative, PR-negative, Ki-67-positive (50%) and HER2-negative. One axillary lymph node (1/15) and no subclavian lymph nodes (0/4) were invaded by the carcinoma. Patient evaluation. Liver, kidney, bone marrow and cardiac function was assessed prior to and following IAIT. Clinical observations included the size, color and mobility of the tumor 3 weeks after IAIT. If the size of the tumor decreased notably and the involved skin and muscle improved markedly, the patients underwent surgical resection. Otherwise, the patients underwent another cycle of IAIT. Efficacy of the IAIT was assessed using the UICC criteria (6) . A complete response (CR) was defined as the complete disappearance of all clinical evidence of the tumor and enlarged lymph nodes by clinical evaluation, mammogram and ultrasound. A partial response was defined as a ≥50% decrease in the two longest perpendicular diameters of the tumor mass and local lymph nodes. Mild response was defined as a ≤50% decrease in the two longest perpendicular diameters of the tumor mass and local lymph nodes. Stable disease (SD) was defined as no change in the two longest perpendicular diameters of the tumor mass and local lymph nodes. Progressive disease (PD) was defined as the appearance of any new lesions not previously identified or an increase in the two longest perpendicular diameters of the tumor mass and local lymph nodes.
Results
All 7 patients were female and aged between 34 and 90 (mean age, 59). The largest observed lesion was 20 cm in diameter. Overall, 5 patients exhibited palpable lymph nodes and 6 had received ≥1 cycle of neoadjuvant chemotherapy. None of the patients exhibited any distant metastatic disease, but mild myelosuppression occurred in 2 patients. No clear side effects, including cardiac failure and normal skin necrosis, were observed at any point. PR occurred in 6 patients and SD occurred in 1 patient. All the patients underwent surgical resection following IAIT. A total of 4 of the patients were diagnosed with triple-negative breast cancer. Progression-free survival (PFS) time ranged between 6 and 88 months. In total, 1of the patients succumbed as a result of another disease 8 months after receiving IAIT, another succumbed from carcinoma of the right fallopian tube and multiple organ metastases 9 months after IAIT and another survived for 11 months and died of heart disease. The other 4 patients remain alive and no local recurrence or metastasis has been observed.
Discussion
Breast cancer is the most frequently occurring type of cancer among females, the leading cause of cancer-associated mortality and one of the main causes of morbidity and mortality for females worldwide (7) . LABC includes large breast tumors, tumors involving the skin over the breast or the underlying chest wall muscles, and breast cancer with extensive local lymph node involvement. LABC also includes inflammatory breast cancer, a rapidly proliferating cancer type that results in a red and swollen breast appearance. LABC accounts for 5-15% of new breast cancer cases in the USA and for 40-60% of new cases in non-industrialized countries (8) . LABC is generally treated with combined-modality therapy that includes systemic chemotherapy, surgery, radiotherapy, endocrinotherapy and targeted therapy (9) . Neoadjuvant chemotherapy is of paramount importance in the treatment of breast cancer and is considered to reduce tumor size, thereby rendering breast-conserving surgery possible in LABC (10) (11) (12) . Anthracycline combined with taxane is the standard treatment for LABC and 84% of the previously inoperable cases may become resectable upon its use (13) . A pathological CR (PCR) is easy to obtain in early-stage breast cancer patients. However, in LABC, only a small proportion of patients may achieve PCR due to the large tumor size (14) . Additionally, re-administration of anthracycline to patients with anthracycline-pretreated breast cancer may be associated with reduced efficacy and significant cardiotoxicity (15) , making LABC treatment a challenge to clinical physicians and surgeons. The present study indicates that IAIT is an option for the management of older patients with LABC, particularly those with cardiac dysfunction. In the present study, the eldest patient was 90 years old and was unable to tolerate even 1 cycle of paclitaxel liposome neoadjuvant chemotherapy. However, the patientwas able to complete four cycles of IAIT without any observable side effects.
The breast is a solid organ with a definite blood supply from the internal thoracic artery, lateral thoracic artery, intercostal arteries and subscapular artery (16) . IAIT is not a standard therapy, but is occasionally performed with the aim of downstaging or for local control. There are a number of studies regarding the use of IAIT (17) (18) (19) (20) . Shimamoto et al (20) reported that the local response rate of redistributed subclavian arterial infusion chemotherapy for LABC was 77.3%, and that the response rate was higher (83.3%) if the first treatment was infusion chemotherapy. In the present study, the response rate was 85.7% (6/7). IAIT provides a higher plasma concentration, better clinical results and fewer side effects than traditional systemic chemotherapy (21, 22) . A previous study demonstrated that IAIT is effective and safe for the treatment of locally advanced breast cancer even in elderly patients (19) . In the present study, none of the patients experienced any serious side effects, including normal skin necrosis, liver, kidney or cardiac failure, and all of the patients completed IAIT.
One study observed that, compared with that of early-stage breast cancer, the overall survival (OS) rate of LABC was lower, and the risk of local recurrence and metastasis was markedly higher, with a 10-year survival rate of ~30% (23). Hoehne et al (24) reported that the 5-year OS rate for stage IIIC LABC was 71.9%. In China, the 5-year OS rate for stage IIB and III LABC was reported as 71.3% (25) . In the present study, the OS data are not complete as a number of patients remain alive, but the current longest OS time is 88 months.
Endocrinotherapy is also an effective treatment for LABC, particularly for patients with the lumina A subtype. However, if the tumor burden is heavy (diameter >10 cm), good control may not be achieved in a short time period. If the tumor is not responsive to endocrinotherapy and metastasizes to other organs, the outcome is generally poor. The principle of the treatment of LABC is to rapidly control and decrease the tumor size, reduce the tumor burden, gain opportunity for surgical resection, decrease drug resistance and increase therapeutic efficacy. For large lumina A LABC, IAIT may be used to rapidly downstage and decrease tumor burden. In the present study, case 1 is a good example of such large lumina A patient, as this patient needs to rapidly reduce the tumor size. The patient was 83 years old with severe anemia and heart failure. Chemotherapy and surgical resection was not suitable due to the size of the tumor and the poor physical condition of the patient. As a result of IAIT, the tumor size was rapidly decreased, thereby enabling surgical resection. The PFS of this patient is currently 88 months and the patient is now 90 years old. For older patients with large tumors who are not suitable for neoadjuvant chemotherapy, local IAIT with or without embolization is a safe and effective method without any clear side effects.
Timing is extremely important in the management of LABC. Due to the fact that a number of patients experience bleeding, anemia and hypoproteinemia, there may not be much opportunity to attempt alternative neoadjuvant chemotherapy regimens. Particularly with regard to precision medicine, the manner in which to precisely identify target patients and make good treatment choices has become a challenge. Improved understanding of tumor subtypes and genetic tests may inform clinicians that certain patients may not respond to neoadjuvant chemotherapy, thereby indicating the use of IAIT to control the disease.
The present study has a number of limitations. To begin with, there were not enough cases for statistical analysis to be possible. Additionally, the present study was retrospective and therefore was not strictly a case-control study. Furthermore, the drugs used for IAIT were not uniform due to differences in tumor subtypes. However, all the tumors were large and the clinical effects were clear, thereby permitting the conclusion that IAIT is a safe and effective approach for the treatment of LABC.
